Abstract: While there will ever be a place for developing assistive technology products directed to people with disabilities, design for all implies the development of universally accessible and usable products and services. This means these products should be capable of accommodating individual differences in terms of users' requirements including the contexts of use, devices and environments, representing enormous challenges. In this paper, we faced the challenges by using the novel possibilities brought by the web of things within the design for all paradigms. We illustrated the main ideas proposed with the design of a system prototype to help customers in a supermarket to navigate, find and choose their products. The proposed solution was preliminarily experimented; results of experimentation suggest the viability of the idea and technologies used, and encourage further studies.
Introduction
Assistive technology (AT) is a software or hardware that has been specifically designed to assist people with disabilities in carrying out daily activities (W3Ca, http://www.w3.org/TR/WCAG10/). Web accessibility means that people with disabilities can use the web; perceive, understand, navigate, and interact with the web, and they can contribute to the web. In the area of web accessibility, common software-based ATs include screen readers, screen magnifiers, speech synthesisers, and voice input software that operate in conjunction with graphical desktop browsers (among other user agents). Web accessibility also benefits others, including older people with changing abilities due to aging (W3Cb, http://www.w3.org/WAI/intro/accessibility.php) and people with temporary handicaps (such as eye problems).
While ATs have traditionally aimed at providing autonomy in specific tasks to people with disabilities, universal access (UA) implies the accessibility and usability of information technologies by anyone at any place and at any time (Emiliani, 2009 ). This means the web and other technological artefacts should be usable by the widest possible extent of users, regardless, for instance, of age, culture, gender, disability or literacy.
While there will ever be a place for developing AT within the conceptual and technological framework in which adaptations and add-ons for people with disabilities have been traditionally developed, design for all implies the development of universally accessible and usable products and services. This means these products and services should be capable of accommodating individual differences in terms of users' requirements including the contexts of use, devices and environments, representing an enormous challenge. Universal design (UD), or design for all, has the goal of making a product that is both usable and interesting to the widest range of users (Welch, 1995;  The Center for Universal Design, 1997) .
Current advances in hardware and network capabilities point to a possible solution to this challenge. Everyday objects are ever more becoming smart and connected to the internet. This gave birth to the research area known as 'web of things' (WoT), which studies how to reuse and adapt existing web technologies to build applications that involve smart 'things' (Zeng et al., 2011) . The aforementioned 'things' can refer to devices that are commonly connected to the internet, such as smartphones, tablets and laptops, or to technological apparatus that is beginning to access the web, like home appliances, radio-frequency identification (RFID) tags, sensors, industrial machines and electronic displays.
Therefore, if a device can communicate with other smart objects and take full advantage of the 'WoT', then it has the potential to be of assistance to a wider variety of users and even to promote collaboration among these different users. Therefore, this article investigates the possibilities of using the WoT to create environments for all. This subject is studied in a specific scenario: shopping at a supermarket. We focus especially on the matter of finding the desired products and then choosing from the available options. While sometimes this task is not easy for the sighted, it might be especially difficult for the visually impaired. Thus, our proposed solution involves the design of a device that helps people in their shopping by allowing them to access and filter information from different smart objects at the supermarket, such as product location, price, brand, nutritional aspects and customer opinions. The device also allows users to add information to the 'WoT' in the store, like comments about products, suggestions or product availability, hence promoting collaboration between the customers, and even between the business establishment and its clients.
Considering the exposed, this paper is organised as follows: First, we introduce the main theoretical concepts behind our proposal. Then, we present a literature review that gives an insight into how the WoT is being used in accordance to the UD concepts and principles. Afterwards our proposal is explained in more detail and, then, it is put into practice through an experiment. Finally, we present our concluding remarks and future work.
Background and related work
The solution proposed in this paper draws upon the concepts of the WoT, and of the UA; indirectly, it aligns with AT as well.
Web of things
As home appliances and industrial machines become smart, internet access increases, enabling that more and more of these smart 'things' are connected to the network (Zeng et al., 2011) . Furthermore, drastic changes in the evolution of computing and communication technologies has enabled an invisible use of this technology, which has been named 'ubiquitous computing'. This evolution gave birth to the concept of the 'internet of things' (IoT). This concept is related to how the internet will go from a network of computers to a network of trillions of smart 'things', such as RFID tags, sensors, mobile phones and home appliances (Atzori et al., 2010) . Challenges in the materialisation of the concept involve dealing with the limited computing and energy resources the 'things' have, and also enabling interoperability between interconnected devices, providing them with a higher degree of smartness. In this case, issues of security, privacy and trust must also be dealt with.
The 'WoT' is the concept of providing an application layer on top of the IoT. This means reusing and adapting the technologies that exist in the current web to build applications supported by the IoT (Zeng et al., 2011) . The WoT can be seen as an enormous set of services that need to be organised and dealt with in a way that makes them more human-centric and intelligent. Therefore, we can consider that the IoT is concerned with the architecture and infrastructure of the network of 'things', and that the WoT deals with the application layer of this network. Baring this in mind, it is possible to say that the challenges faced by the IoT research area will reflect upon WoT. Thus, for instance, protocols used in the traditional Web might not be suitable for the WoT because they might not be able to provide services for devices with low power and intermittent connections, for instance (Zeng et al., 2011) .
Although we do need to worry about infrastructure and architecture, the main concern of our proposal is at the application layer, where the interaction between users and devices is more strongly present. Furthermore, since WoT and IoT are closely related, IoT is also in the background of our proposal.
UA and AT
In computing services, the term 'UA' refers not only to ensuring that all people have access to technology and information, but also that these services are usable by any person (Shneiderman, 2000) . This means the computing systems must be accessible to any user, regardless of characteristics such as language, gender, age, culture, literacy or disability. The paradigm of UD, which means creating products that are usable by the greatest possible extent of types of users (Welch, 1995) , has been used to achieve universally accessible solutions (Melo and Baranauskas, 2006) . Hence, UD and the related practices of design for all, inclusive design or accessible design obeys an important goal of good design: meeting the needs of as many users as possible (Welch, 1995) .
UD is not only important, but it is also a challenge. Part of this challenge lies in the fact that there is no clear and systematic way to achieve a truly UD. Attempts at identifying design patterns for accessible products carry two main problems (Welch, 1995) . First, creating specifications implies in reducing complex variables to unique solutions; therefore, it is not only a limited solution, but also one that excludes those who fall outside the rule. Second, design patterns suggest that to achieve inclusion it is sufficient to modify existing solutions to make them compliant with the patterns. However, it actually results in designs that may segregate. Another part of the challenge is in the variety and complexity of individual situations; they are such that universal solutions may not be possible or they may not be economically viable to accommodate all the necessary features within a single product (Emiliani, 2009) . Despite the challenges, working towards UD is a justifiable effort, given it has the potential to benefit a wider array of users.
One of the most common problems faced by ATs is abandonment by the users (Gomez et al., 2013) . This may happen because the AT might be too difficult to learn how to use, or because the user cannot adapt to the AT. In both cases, it seems the core of the problem is at the design of the AT. Therefore, the design process should involve not only the people who need assistance, but also those around them, like their family, friends and caretakers. Additionally, other stakeholders such as doctors, nurses, AT manufacturers and even the AT designers can provide vital information for the development of a successful AT.
We believe the paradigm of UD has a lot to contribute to the field of ATs as well. Bringing UD principles into the design of ATs might both benefit people with disabilities, by providing them with better solutions, and better integrate them into society, by providing technologies that can also be useful to other categories of users. Additionally, we believe the interconnection of smart 'things' from the 'WoT' can act as the bridge between UA/design and ATs.
In summary, UD is the means to UA. Both are very important concepts that designers should keep in mind when devising new products. This way, even if they do not achieve a completely universal solution, they will at least have been inspired to create a better design (Almeida and Baranauskas, 2010) , that attends as many users as possible. This is even more important in the context of the internet and the web, given its universality (Shneiderman, 2007) , i.e., the diversity of people that use it for various activities and in different contexts.
Related work
Domingo (2012) provides an overview of how the IoT can benefit people with disabilities. However, because the author focuses on the IoT, she presents more details about infrastructure and technologies than about the application layer. Our work aims at bringing the focus to the WoT. Additionally, while Domingo (2012) focuses on users with disabilities, our perspective of dealing with the subject draws on the principles of UD.
To achieve this goal, a literature review was conducted using the following digital libraries: ACM Digital Library (dl.acm.org, 2015), IEEE Xplore Digital Library (Ieeexplore.ieee.org, 2015) , Science Direct (Sciencedirect.com, 2015) and Springer (Link.springer.com, 2015) . The search string applied in these databases was the following: ('WoT' OR 'IoT') AND ('for all' OR 'design for all' OR 'UD' OR 'AT' OR 'accessibility'). Therefore, we were interested in works that explored the use of the WoT in the context of UD (or design for all) and ATs.
For the analysis of each paper, two eligibility criteria were used. First, we verified if the paper actually addressed the WoT (or the IoT). The second eligibility criterion assessed if they presented a design proposal in the context of human-computer interaction (HCI). This was important to differentiate between papers that dealt with the technical aspects of WoT (or IoT) and those that approached the context we are interested in. Four papers were passed both criteria (Mathew et al., 2014; Barthel et al., 2013; Ivanov, 2012; Lambrinos and Dosis, 2013) . Mathew et al. (2014) propose a system to manage parking lots and to allow drivers to reserve a spot before arriving there. This diminishes the amount of time spent looking for parking spaces and, consequently, reduces pollution emission. The proposed solution uses the 'WoT' from the parking lot (i.e., sensors, displays and lights) to monitor the place and manage the parking spots. Additionally, the authors also proposed a semantic structure to represent the 'things' and to enable querying of the physical states or the services of the smart objects from the parking lot. Although the authors do not discuss the UD aspects of their solution, we can see some of them. For instance, the semantic structure allows the differentiation between regular and special (for elderly or disabled people) parking spots. This way, customers that use special spots can query their availability before going to the parking lot and reserve them in advance. If there are no special spots available, they could look for regular spots closer to the entrance, a feature that the users of regular spaces would also want to use. Therefore, the solution of Mathew et al. (2014) was designed in such a way that it can attend several types of people, since it was not focused on specific groups of users. This greatly differentiates their work from the next paper.
The second article, by Lambrinos and Dosis (2013) , has a similar proposal but with a more strict scope: it is a system specifically designed to assist people with disabilities by monitoring parking lots and allowing them to reserve special spots in advance. The authors give greater emphasis on the architecture of the system, which is also reflected in the presence of the term 'IoT' in the title of their work. Also, in contrast with the previous solution this one does not propose the use of a semantic structure or other features that could provide the system with more flexibility in terms of target users. Furthermore, although the system is intended to help people with disabilities, the authors do not address any accessibility measures in their proposal.
The third paper, by Ivanov (2012) , proposes an indoor navigation system for blind people. The author focuses on technology and infrastructure, such as the use of RFID tags, the 3D modelling of the building and the use of semantic and geometric information of the objects located in the environment. Therefore, this work is also more related to the IoT. As for UD, at a first glance the proposed system seems to be an AT, since it was conceived for blind users. However, some of its functionalities, such as object tracking and optimal routing in unknown locations, could be interesting and useful for non-blind users as well. Therefore, although Ivanov's (2012) proposal is meant to be an AT, it could be expanded to the context of UD.
Finally, the fourth paper, by Barthel et al (2013) , proposes an 'internet of old things', in which people can capture and share memories and stories about old physical objects. The authors believe that embedding objects with memories can change the social and economic value of real-world objects, and at the same time promote social and cultural approximation between different people with similar interests. Barthel et al. (2013) present case studies with groups of people that normally would not be early adopters of the proposed solution, such as elderlies, people with disabilities and people with memory problems. This does not mean, however, that their solution is meant to be an AT. From the description of their proposal, it is possible to see the 'internet of old things' has value for both people with and without disabilities. For the former, it can serve as an auxiliary memory system, and for the latter it can be a social experience that brings people closer together. Finally, this work also makes use of semantic information in their system, with the help of the Open Graph Protocol format. Table 1 summarises the information about each paper. A critical analysis of these four papers led to some preliminary remarks regarding what is the current state of UD within the WoT (or the IoT) fields. First, two articles explicitly directed their solutions towards users with disabilities, whilst the other two were not specific about target audience. In our view, not narrowing the scope of the proposal made the works of Mathew et al. (2014) and Barthel et al. (2013) much more aligned with the principles of UD than the other two proposals, although neither of them explicitly used that concept in their papers. Furthermore, since Lambrinos and Dosis (2013) and Ivanov (2012) directed their solutions to very specific users, they may have limited the possibilities of use of their systems. This becomes even clearer when we think that the solution proposed by Mathew et al. (2014) can be easily adapted for the scenario of the system described by Lambrinos and Dosis (2013) , but that the other way around is not true. It seems that Ivanov's (2012) solution could be useful for non-blind users, but further analysis would have to be made. Another point worth mentioning is that three (Mathew et al., 2014; Ivanov, 2012; Barthel et al., 2013) of the four works somehow employ semantic information into their systems.
In our opinion, this shows how much this feature is important in the creation of 'WoT' solutions that are usable in different contexts and scopes. Therefore, this literature synthesis gave force to the previously exposed ideas regarding UD and ATs in the sense of not restricting solutions to very specific groups of users, but widening the limits of the applications. Furthermore, the review also showed the WoT as an emerging research field, and its use on overcoming the challenges of UD as still underexplored.
The design proposal of a universal navigation, exploration and exchange with things (U-NEXT) drawing on the WoT concept and associated technologies, and on the UD approach, we designed a system that is meant to be useful and interesting both for users with and without disabilities. The basic idea is to fully take advantage of the services and information present in the WoT, promoting interaction and information exchange among smart objects and devices in the network. Given these goals and features of our design, we have named it 'U-NEXT'.
To promote direct and indirect collaboration and interaction between users and devices, we propose to have a network of devices that can:
1 Collaborate with each other, expanding the smartness of the 'things' involved in the WoT and, hence, enabling more complex tasks to be executed.
2 Interact with other devices (assistive or not), exchanging information or services that can benefit other people, direct or indirectly.
3 Be sensitive to a wide variety of different kinds of needs, enabling users to direct or indirectly help other users that may or may not have disabilities.
To exemplify the use of this system, we propose to apply it in a practical scenario, the supermarket. We chose this scenario because it presents many challenges for any kind of user, regardless of having disabilities or not. The following subsections describe the scenario and how we envision the proposed system would apply to it. Figure 1 shows a blind man walking into a supermarket. He is carrying his walking stick and his U-NEXT device. The supermarket does not provide signalling adapted for blind customers, such as Braille or sound assistance. It does, however, have sensors and RFID tags in the shelves that contain information about each individual product and how many are left in stock. The supermarket also has a wireless network that connects these artefacts with other devices in the establishment, including the customer's smartphones, tablets and others. Through this network, the blind man's device is able to identify where the milk is located, and even if his favourite milk is available. Once he grabs his milk, his device reads out to him one of the most popular tags someone gave the milk: 'great with tea'. The man likes the idea, commands his device to also give a 'thumbs up' to the tag, and goes to the tea section. There, he finds his favourite brand of tea, which is imported. He notices the device reads out the tea's information in a foreign language, with no available translation. He already knows the product, so he takes it anyway. However, he leaves a 'flag' indicating the need of a translation. Afterwards, a foreigner woman goes to that same supermarket. She uses a U-NEXT device to find her way around the supermarket, since none of the signalling is in her native language. Through the device she receives a request for reviewing the translation of the tea's information, issued by the supermarket's staff. They made the translation to the best of their abilities, but they left it signalised to be audited by a native speaker. The woman checks the original information and the translation. Since her knowledge of the local language is not very good, she only marks some words she thought were wrong and maintains the flag so that other reviewers can check the translation.
A scenario description: the supermarket

Scenario analysis
The scenario described in the previous subsection is rather complex, but it contextualises the idea of devices connected to the WoT in the supermarket and shows some of the possibilities of what can be done with them. Most importantly, the goal is to exemplify how different profile of users can directly (commenting about products) or indirectly (tagging about the lack of translation) help each other. It also shows how devices interact with the WoT and utilise it to assist their users.
Given that there are many variables to consider within this scenario, and some of them are out of the scope of this initial work, we devised an experiment to test only some parts of the scenario that interests us: the application layer and user interaction. The next section describes the experiment and its results.
Experiment: the U-NEXT in practice
To put into practice the main ideas behind the concept of a U-NEXT device, we devised a pilot experiment that involved 11 HCI researchers. The goal of the experiment was to test the utility and the user interaction with a device that can support navigation reading aloud (through voice synthesis) product and aisle information and comments other people made about each product. The device also allows users to post comments. The following subsections describe the main aspects of the experiment.
Initial setup
The first step of the setup involved to prepare the software and the devices that would be used in the experiment. As a first prototype, we proposed a solution based on a notebook connected to a USB RFID reader. We developed a software using the Python programming language that could receive the codes read by a USB RFID reader and associate them with a text string. In turn, this string was converted from text to speech, using a voice synthesiser. The advantage of this approach was that it was very quick to associate the RFID cards with any information we needed and transform it into sound, even during the experiment. Figure 2 shows the simplified scenario supermarket, as a partial figure of the overall concept presented in Figure 1 .
Besides the software, the system setup involved the configuration of the environment in which the experiment would take place. Since this was a pilot study and we did not have access to a real supermarket, we simulated one. Using some tables, we divided a room into three aisles, each with its own category of products: 'personal hygiene', 'snacks' and 'cookies'. In each aisle, two choices of products were available:
• In 'personal hygiene' there were soaps and toothpastes, i.e., goods of the same category but with very different uses.
• In 'snacks' there were two potato chips of the same kind but of competing brands.
• In 'cookies' there were two varieties of cookies: one that was healthier and another that was full of sugar. In the experiment, we wanted to test three levels of product choice: category, brand and variety.
Finally, the setup also involved preparing the signs and the RFID cards, and placing them in their appropriate locations. There were written signs to indicate the different aisles and also one for each product, showing their name and price. The RFID cards were divided into three types: navigation, product information and commentaries:
• The navigation cards were placed at the front of the aisles and had the names of the aisles (products section) and where they were located in relation to the card.
• The product information cards had just the product name and price.
• The commentaries cards had customer-like opinions about each product.
A scheme of the supermarket is shown in Figure 3 . Additionally, a picture of two of the actual aisles in the experiment is shown in Figure 4 . 
Participants
From the 11 participants, three acted as facilitators and observers during the experiment. The other eight were divided into three groups:
• A: no device and no disability (two people)
• B: with device and no disability (three people)
• C: with device and with disability (three people).
The members of group C did not have real disabilities; they were blindfolded to simulate a blind user. We are aware that this is far from ideal, since it is impossible for a sighted person to behave like a real visually-impaired user. However, given that the purpose of the pilot study was to test not only the proposed technology but also the experiment itself, a simulated disability was good enough for that time.
It is important to note that the layout of the supermarket was kept a secret from the eight participants, so that their performance on the experiment would not be affected by any previous knowledge.
Step-by-step
Once the setup was done, these steps were followed:
1 One-by-one, participants were asked to enter the supermarket, alone, and received instructions before getting in. They received these items:
• shopping list (in paper or, for group C, an RFID card)
• shopping bag
• U-NEXT device (only for groups B and C)
• walking stick (only for group C).
2 Once inside the supermarket, participants had to find the products from the shopping list and, in some cases, choose from the available options, since the shopping list was not specific about the brand (in the case of the snacks) or the variety (in the case of the cookies). In those cases, the idea was that participants from group A would choose the products based on their own preferences and that members of groups B and C would also be able to consider the opinions of other users, if they needed to.
3 During their shopping, participants from groups A and B could leave comments about products, if they wanted to. These comments would be added to the corresponding RFID card, so that the next shoppers could access these opinions.
4 Once the participant completed the task, s/he was asked to talk about the experience: main difficulties and doubts. This was especially important for participants of groups B and C because they used the U-NEXT device, under different circumstances.
5 After the eight participants completed the task, all 11 researchers gathered around a table to discuss the experiment, providing comments and suggestions to improve both the device and the experiment.
Experiment results and discussion
All participants, regardless of their (simulated) disabilities, were able to perform the activity and successfully 'purchase' all products from the shopping list. The participants from group A were more objective and they performed the task as a customary practice, without much novelty. Participants from group B performed the task in a simple way, but they were very motivated to learn how the device works, what was the audio content from RFIDs cards and if there were new ways of interacting with it. Finally, participants from group C felt the barriers faced by blind people and had more difficulties navigating on the environment, but also were very motivated to learn about how the device works. They all listened to the comments made by other customers, and some of them even wanted to leave their opinions about certain products. It was difficult to measure the participant performance accurately, as several non-device related factors interfered at the time of the activity. This performance was influenced, in part, by their usual shopping behaviour (e.g., some participants wanted to visit the entire supermarket before they starting shopping), or even by their curiosity level about the device.
The main difficulties were related with the 'blind' participants from group C. They had a hard time getting the spatial orientation inside the supermarket. The coordinates provided by the RFID navigation card were not enough to guide them around the gondolas. In addition, the card should be present at more places in the supermarket, instead of just near the entrances. To overcome these difficulties, the participants suggested a general description of the environment in audio, or even the development of a tactile map of the environment at the entrance (and possibly in other places at the supermarket).
Participants from group C also had difficulty shopping with the amount of things they had on their hands (walking stick, shopping bag, device and shopping list). In some cases, they dropped the cane, in others they could not remember the shopping list, sometimes they forgot the device on the gondola, and, finally sometimes they could not put the product in the bag without dropping something else. During the final discussions, participants argued that many of these problems are due to the fact that they were not actually blind, and the scenario would be different if they had been done by blind users.
Table 2
Summary of observations and suggestions made by the participants of the experiment
Observations
The device did not influence negatively those who do not use it; the presence of RFID tags that could not be interacted with made participants from group A feel curious but a bit left out.
The information presented by the RFID tags was not well structured, especially the commentary tags; they did not inform the name of the product, only the opinions about it.
The proposed solution is susceptible to problems caused by misplaced products, since the RFID tags are placed on the shelves and not on each individual product.
There was no filter to the comments made by other customers, which meant confusing or misleading comments would still get to the user.
Suggestions
Allow the user to control what s/he is hearing from the RFID cards by providing pause, rewind and forward buttons/functions.
Use the shopping list to somehow check, at the register, if all the desired items were grabbed.
Use the shopping list to suggest similar products or customer favourites, for instance.
Product information could include, besides name and price, a summary of what is on the label (like nutritional data, ingredients, etc.).
Allow users to 'flag' bad comments made by other users.
Categorise products by price, health and other criteria. Also create customer categories to suggest products based on their profile.
Allow users to hear comments about products from an aisle before entering the aisle. Enable filters by best products or user-defined criteria.
An additional difficulty was related to the initial instructions on how to use the device. At first, many participants from groups B and C did not fully understand how to use the device, and had to learn with time, through use. Since participants from group C had no visual aid during such learning, the researchers assisted them when they had serious difficulties, especially with navigation. In summary, the main results of the experiment were the successful conclusion of all participant's tasks, and the design problems and suggestions that were found during the experiment and/or in the later group discussion. The following table summarises the main suggestions and observations given by the eight researchers who participated in the experiment.
Conclusions and future work
In this paper, we looked at the challenges of creating solutions under the perspective of UD, for the context of an inclusive society (hence, indirectly involving ATs). We proposed to use the novel possibilities brought by the WoT to overcome the challenges. We started with a preliminary literature analysis to have a view on the WoT within the context of UD. Then, we presented our proposal on how to use the WoT to design an everyday scenario following the principles of UD. We then described a pilot experiment we conducted to test the main ideas of our proposal.
Overall, the experiment had a positive outcome. All participants were able to complete the tasks that were asked of them while using our design proposal, the U-NEXT device. For people without disabilities, the U-NEXT caused curiosity and motivation, and provided a more interesting shopping experience. For the blindfolded users, the U-NEXT device was decisive to allow them to successfully find and select products within the supermarket.
The experiment also pointed out important features regarding both the experiment itself and the prototyped solution we devised. We are aware that, before running experiments with users that have real disabilities, our device needs to be enhanced, especially in aspects that involve navigation, information organisation and control of the information flow. Therefore, at least one new pilot experiment should be conducted once the solution is more refined. Additionally, the environment in which the experiment will be executed needs enhancement to facilitate the navigation of blind users. Although this is not necessarily the scope of our work, we do believe it is important to provide the best possible navigation conditions to all users, so that the real value and utility of the U-NEXT device can show even more in future experiments.
The design proposal of the U-NEXT and results of the experiment with it show a promising answer to the question of designing everyday environments for all. Further work involves not only technological improvements in our prototype, but also in the experiment itself, and, hence, in the infrastructure of the simulated supermarket. Achieving an inclusive design encompasses more than just the assistive device; it also involves other essential elements as the context in which the technology will be inserted, and mainly the culture in which people and environment are embedded.
